The electronic structure and conductance of substitutionally edge-doped zigzag silicene nanoribbons (ZSiNRs) are investigated using the nonequilibrium Green's function method combined with the density functional theory. Two-probe systems of ZSiNRs in both ferromagnetic and antiferromagnetic states are considered. Doping effects of elements from groups III and V, in a parallel or antiparallel magnetic configuration of the two electrodes, are discussed. Switching on and off the external magnetic field, we may convert the metallic ferromagnetic ZSiNRs into insulating antiferromagnetic ZSiNRs. In the ferromagnetic state, even-or odd-width ZSiNRs exhibit a drastically different magnetoresistance. In an odd-width edge-doped ZSiNR a large magnetoresistance occurs compared to that in a pristine ZSiNR. The situation is reversed in even-width ZSiNRs. These phenomena result from the drastic change of the conductance in the antiparallel configuration.
Introduction
Silicene, the graphene-like monolayer honeycomb structure of silicon, has been recently synthesized on Ag [1] , ZrB2 [2] , and Ir [3] substrate surfaces after the realization of silicene nanoribbons [4] . Though the origin of Dirac cone in the electronic band structure of silicene on Ag surface is still in question [5] , it has been
Model and method
The geometric structure of a pristine n-ZSiNR with width n=4 is showed in Fig.   1 . In our two-probe model used for the transport calculations, two ZSiNR electrodes (L and R) are attached to the ZSiNR device in the central region (C). In the doped cases we assume that the substitutionally doping atom locates at the center of the upper edge in region C. The length of the central region is chosen as 7 primitive cells, long enough to screen out the electrostatic effect of the doping atom on the electrodes.
A vacuum layer, next to the two edges, thicker than 15 Å is used to eliminate possible mirror interaction and the edge silicon atoms are passivated by hydrogen atoms so as to eliminate the dangling bonds.
The geometric optimization is carried out with the Atomistix ToolKits (ATK) package based on the density functional theory (DFT) in the generalized gradient approximation with the Perdew-Burke-Ernzerhof exchange-correlation functional.
All structures are fully relaxed until the forces are smaller than 0.02 eV/Å on each atom.
The study focuses on the spin-dependent ballistic transport properties of sub- stitutionally edge-doped ZSiNRs by elements of the IIIA and VA groups. For that we use DFT combined with the NEGF formalism, as implemented in the ATK package [20, 21] , using the exchange-correlation functional in the local-density approximation with the Perdew-Zunger parametrization, a double--polarization basis set, and a 1 × 1 × 500 Monkhorst-Pack k-point mesh. The grid mesh cutoff is set to 250 Ry and the temperature of the electrodes to 300 K. The spin-dependent conductance is evaluated by the Landauer formula [20, 21] 
with T  the transmission for spin ,  L (  R ) the broadening matrix due to the left (right) electrode, and G
In each electrode of pristine ZSiNRs, the two edges can be spin polarized in the same and opposite directions referred to as the ferromagnetic (FM) and antiferromagnetic (AFM) state, respectively. Usually the AFM state is the ground state and the FM state can be the ground state under an external magnetic field as in the case of graphene zigzag nanoribbons [18, 22] . For either FM or AFM electrodes as shown in Fig. 2 and Fig. 5 , respectively, the magnetizations of the two electrodes can be aligned in a parallel (P) or antiparallel (AP) configuration. The magnetoresistance (MR) in the linear-response regime of systems with FM electrodes is then calculated using the definition [23] 
where 
where AFM P G is the total linear conductance of the system in the P configuration of AFM electrodes. Note that the spin orbit interaction (SOI) is not taken into account in the calculation. The SOI will open an energy gap about 1 meV in the FM states of ZSiNRs and can affect the linear conductance in real systems at low temperature.
Results and discussion

A. FM configuration
First, we calculate the electron band structure and conductance of a perfect energies of the localized impurity states that depend on X. In particular, for parallel and antiparallel electrodes, we highlight the spin-up or spin-down minima below E F near E = 0.5 eV for p-type doping elements, X = N, P, and the conductance minima above E F for n-type doping elements, X = B, near E = 0.1 eV and X = Al near E = 0.3 eV. For the heavier elements, minima of opposite doping type also appear like the ones near E = 0.6 eV, for X=P, and near E=0.8eV for X=Al. Furthermore, the step form maxima of conductance near E=0.9 eV in Fig. 2 In Table 1 reverse direction and increases by more than two orders of magnitude. All these significant changes can be used for controlling spin-polarized transport. Table 1 . Linear conductance through pristine and doped FM 4-and 5-ZSiNRs in P and AP electrode configuration and the corresponding magnetoresistance (MR 
B. AFM configuration
In the AFM state, due to the staggered spin polarization of the up and down spins, the sublattice potentials for the up and down spin are also staggered [15, 18] . conductance peak of height 2G 0 on the lower edge of the conductance gap in the P configuration as shown in Fig. 4 (c) and (g). In the AP configuration the conductance peak is greatly reduced in the 4-ZSiNR, as shown in Fig. 4(d) , because the edge states of the same spin in the left and right electrodes are localized on opposite edges of the ribbon. In Fig. 4 (h) the conductance peak disappears in the 5-ZSiNR as the ribbon becomes wider. Apart from the suppression of the peak below the gap, the conductance in the AP configuration is quite similar to that in the P configuration.
The spin degeneracy is broken when ribbons are edge-doped as 
Concluding remarks
We have studied the effect of one substitutionally edge-doping atom in the middle of the scattering region on electron transport through ZSiNRs using the density-functional theory 
